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Separation of Hafnium from Zirconium and Their Deter- 
mination: Separation by Anion-Exchange 

Lawrence A. Machlan and John L. Hague 

(Auo-vist 2, \m2) 

A procedure is describcnl for the separation of liarniuni from zireoiiiuni and their in(h- 
vidual determination. The sample is (lissohcd in sulfuric and hydrofluoric acids and the 
hydrofluoric acid removed by fuming. Aflrr- dihilion with water, th(^ sohition is transferred 
to a column containing a strong quatcM-iuiry amine anion-exchange resin (i)owex-l). The 
hafnium is eluted with diluted (3.5 })ei-c(Mit by volume) sulfuric acid .sohition. Zirconium is 
remov(;d by elution with 10 percent by vohune sulfuric acid solution. The elements are 
precipitated with cupferron, ignited, and weighed as the oxides. For samples containing 
from twenty to eighty percent of zirconium, a S(K;ond separation of the hafnium fraction 
using the column is necessary. 



1. Introduction 

The use of liafniuin and zirconium in nuclear 
ap])lications lias made the separation and determi- 
nation oi" the two an important problem. Because 
harnium and zirconiinn are very difficult to distin- 
guish chemically, they can, for many uses, be 
considered as one constituent. However, since 
harnium and zirconium have ver^^ different nuclear 
properties, it is important to know the relative 
amounts of each present in materials used in the 
nuclear i-eactor field. 

The difficulties encountered in separating hafnium 
from zirconium are well known [G, 7].^ it has been 
shown [1] that a separation of hafnium and zirconium 
can be ol)tjun(Ml by nnion-c^xchange in sulfuric acid 
solution. 

The mcdliod described luM-e has been used lo 
determine hafnium and zirconium in mi.xtures of tJie 
two elements containing 80 percent or less of zir- 
conium. Work is in progress to apply the method 
to materials coidaining more than SO peivent of 
zirconium. 

The samples are dissolved ui a sulfuric-hydrofluoric 
acid solution and the hydrofluoric acid is fumed off. 
The solution is diluted with water to 3.5 percent 
by volume of sulfuric acid and transferred to an 
anion-exchange column. The hafnium is eluted with 
a 3.5 percent sulfuric acid solution and then the 
zirconium is eluted with a 10 percent sulfuric acid 
solution. For samples containing more than about 
20 percent of zirconium the hafnium fraction may 
contain some zirconium and a second separation 
using the column is necessary to insure complete 
separation. The hafnium and zirconium are pre- 
cipitated with cupferron, ignited, and weighed as 
Hf02andZr02. 

The procedure for samples coiitahiing less than 
20 percent of zirconium requires approximately 3 
days to carry to completion, as about 12 hr are 
required for the ion-exchange separation, and the 



1 Fi<?ures in brackets indicate the literature relereiu'es al, the ejid of this i)a}ier. 



remaining t/une is required for dissolving th(^ sample 
and for making the cupferron precipitations. 

2. Procedures 

2.1. Ion-Exchange Columns 

The colunms used in these experiments were 
constructed oC polystyrene tubes approxinnite-ly 12 
in. long and 1 hi. i.d. A simple colunui can be 
prepared from such tubhig as follows: Insert a 
piece of polystynviie tubing in. long, ^(e ijJ. <><1. 
(with a Xe hi. wall) tlu'ough a No. 5 waxed, rubbei* 
stop])er, so that one end of the tubing is Hush with 
tlu^ small end of the* stopper. Attach another in. 
length of the sanies tubing with a 2-in. length of 
Tygon K tubing. Insei-t the rubber stopper into 
tlu^ l)()ttom of (he l-in. i.d. tube. Attacli a hose-cock 
clamj), used to control the (low rate, to th(^ Tygon 
tubing, (bluums suital)l(^ for continuous optu'ation 
have previously been described for both glass |4| 
and plastic [5] assemblies, and these are convenient 
to use if a number of analyses are to be performed. 

'I'he anion-oxchange resijis used were Dowex-1, 
200- to 400-mesh, having 8 percent of divinylbenzene 
crosslinkages. Experience during several years has 
shown that the mesh size of these resins may vary 
considerably from lot to lot. To select resin of 
suitable size, the material as received is air-dried, 
and sieved through a 270-mesh sieve. Most of the 
very fine material is removed from the fraction 
passing the 270-niesli sieve, as follows: Prepare a 
suspension of the resin in diluted ^ hydrochloric acid 
(1 + 19). The coarser fraction is allowed to settle 
for 10 to 15 niin, and the fines removed by decanta- 
tion. Repeat the process several times, until most 
of the very fine nuxterial is removed. 

Load the column with resin as follows: (bver the 
bottom of the column with a %- to ^-in. layer of acid- 
resistant, polyvinyl chloride plastic 'Vool." Add 



2 DiliitcMl liydrocliloiic acid (\ + 19) denotes I volume of coiicentratod hydro- 
chloric acid, sp vi l.is, diluted witli H) voliinies of water. If no dilution is 
specified, the coneeidrated aiialyLi(*al rea.ueiit. is iiR'aiit. 
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portions of the resin suspension so as to obtain a 
settled cohnnn of the resin that is 22 cm high. Wash 
(lie loaded colunni Avith a])proxiniateh^ 100 ml of 
diluted nitrie acid (1 [ 9), and then perform several 
washing cvcles by alternate additions of diluted 
hydrochloric acid (H 9) and diluted hydrochloric 
acid (3 + 1) to remove the remaining fines. Finally, 
wash the column with diluted sulfuric acid (7 + 193), 
to convert the resin to the sulfate form. Approxi- 
mately 350 to 400 nd of sulfuric acid solution will be 
required, and the removal of the chloride can be 
followed by testing portions of the eluate with silver 
nitrate solution. ''J'he resin charge should not be 
allowed to become dry. 

2.2. Reagents 

Sulfuric acid solution (3.5 percent). — Add 70 ml of 
sulfuric acid to 1,930 ml of water, mix well, and cool 
to room temperature. This solution is referred to as 
3.5 percent sulfuric acid solution in the procedure. 

Cupjerron solution (60 g /liter). — Dissolve 30 g of 
cupferron in 450 ml of water, dilute to 500 ml, and 
filter through a dry filter. This solution should be 
cooled to about 5 °C and prepared as needed, as the 
solution is not stable. 

Cupferron wash solution. — Add 25 ml of cupferron 
solution to 975 nd of cold (5 °C) diluted hydrochloric 
acid (1 + 9). Prepare as needed. 

2.3. Procedure 

Transfer 0.5 g of I he metal sample (accurately 
weighed) to a covered 25-nd platinum crucihle and 
add a suitable quantity (14 nd for samples contahung 
less than 20 percent of zii'conium, 21 ml for samples 
containing from 20 to 60 percent of zirconium, and 
28 nd, with some evaporation, for samples coidaining 
from 60 to 80 percent of zircoiuuni) of diluted sulfuric 
acid (1 + 3) and 5 to 6 drops of hydrofluoric acid. 
The sample will dissolve at room temperature. (K 
the sample is in the oxide form transfer an amount 
of sample equal to 0.5 g of hafnium and zirconium 
to the crucible, and add a suitable quantity (see 
above) of diluted sulfuric acid (1 + 3) and 2 to 3 ml 
of hydrofluoric acid. Heat gently on an air bath to 
dissolve.) After the sample dissolves, wash the 
cover with water and place the uncovered crucible 
on a sand or air bath. Evaporate the solution to 
fumes of sulfuric acid, cool, and wash down the walls 
of the crucible with water. Evaporate the solution 
to fumes again, cool, quantitatively transfer the solu- 
tion to a 400-ml beaker, and add sufficient water to 
give a 3.5 percent sulfuric acid solution. 

Transfer the solution of the sample in small incre- 
ments (10 to 15 ml) to the equilibrated ion-exchange 
column. Wash the beaker four or five times with 
5-ml portions of the 3.5 percent sulfuric acid solution, 
transferring the washings to the column and allowing 
the solution to drain to the top of the resin each time. 
Finally wash down the sides of the column several 
times with a total of approximately 50 ml of the 
same solution. 



a. For Samples Containing Less Than 20 Percent of Zirconium 

Discard the first 125 ml ^ of solution from the 
colunuK (^ontinue adding tlie 3.5 percent sulfuric 
acid solution. ( ^ollect the second fraction of 550 
ml (see footnote 3), containing the hafnium, in an 
SOO-nd beaker. Replace the beaker with a 6()0-ml 
beaker to catch tlie zirconium fraction. Allow the 
solution to drain to the top of the resin and wash 
the sides of the column with 3 or 4 portions (a total 
of about 20 ml) of diluted sulfuric ac^id (1 + 9), allow- 
ing the solution to drain to the top of the resin each 
time. Add a total of 250 jnl of diluted sulfuric acid 
(1 + 9) and remove the beaker cordaining the zir- 
conium fraction. Equilibrate the ion-exchange col- 
unni for the next elution cycle by passhig 400 ml of 
3.5 percent sulfuric acid solution through the resin 
and allowing the solution to drain to the top of the 
resin. 

To the second fraction, containhig the luifinum, 
add 65 ml of iiydrochloric acid. Cool to 5 °C, and 
add slowly wlnle stirring, 100 ml of cupferron 
solution. Add a ball of paper pulp equivalent to 
about one ll-cm filter paper, stir until the pulp is 
well dispersed, and allow the precipitate to settle. 
Filter through a double 7-cm close-textured filter 
paper fitted to a Btichner funnel and precoated 
with some paper pulp. Transfer the precipitate to 
the funnel and wash, using 300 ml of cupferron wash 
solution. Transfer the precipitate and paper to a 
weighed 25-ml platinum crucible, and ignite at a 
low temperature until the carbon is gone. Finally 
ignite to constant weight at 1,100 °C, and weigh as 
hafnium dioxide. 

To the third fraction, containing the zirconimn, 
add 15 nd of hydrochloric acid. Cool to 5 °C and 
add slowly with stirring 50 jnl of cupferron solution. 
Add a ball of paper pulp (equivalent to about one 
Il-cm filter paper, stir, and allow the precipitate to 
settle. Filter, wash, and ignite the zirconium 
precipitate as described foj* hafnium. Weigh the 
zircon iuju as the dioxide. 

b. For Samples Containing From 20 to 80 Percent of Zirconium 

Discard the first 125 ml (see footnote 3) of solu- 
tion from the column. Add a sufficient ^ quantity of 
3.5 percent sulfuric acid solution to elute all of the 
hafnium and some (10 to 50 mg) of the zirconium. 
Collect this second fraction in an 800-ml beaker. 
Replace the beaker with a 600-ml beaker and con- 
tinue the elution of zirconium as described in section 
2.3a. 

To the second fraction, containing the hafnium, 
and some zirconium, add 65 ml of hydrochloric acid, 
and continue the procedure as described for hafnium 
in section 2.3a, until the precipitate is ignited at 
low temperature. Reserve the oxides for a second 
separation using the column. 

To the third fraction, containing zirconium, 
precipitate using 50 to 100 ml of cupferron solution. 



3 Each column must be calibrated to determine the volume of solution needed 
to elute the hafnium and zirconium. This is necessary because the resms and 
column loadings vary somewhat with different lots of resin. 

i The quantity, approximately 500 to 600 ml, will depend on resin, column 
loading, and relative amounts of hafnium and zirconium. 
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filter, and ignite as described for zireoiiiiun in sec- 
tion 2.3a. This is zirconium fraction one. 

To the reserved oxides from the second fraction, 
add 14 ml of diluted sulfuric acid (1 + 3) and 1 to 
2 ml of hydrofluoric acid. Heat gently on an air 
bath to dissolve. After the oxides dissolve, wasli 
the cover with water and place the uncovered crucible 
on a sand or air bath. Evaporate the solution to 
fumes of sulfuric acid, cool, and wasli down the walls 
of the crucible with water. Evaporate the solution 
to fumes again, cool, quantitativc^ly transfer the 
solution to a 250-ml beaker, and dilute to 100 nd 
with water. 

Transfer the solution in small increments (10 to 
15 ml) to the equilibrated ion-exchange column. 
Wash the beaker four or five times with 5-ml por- 
tions of the 3.5 percent sulfuric acid solution, 
transferring the washings to the column. Finally 
wash down the sides of the column several times with 
approximatcdy 50 ml of the same solution. Con- 
tinue as (U^sci'ib(Ml in section 2.3a to obtain the 



liafnium fraction and zirconium fraction two.. 
Calculate the zirconium percentage from the sum 
of the two zirconium fractions and the hafnium per- 
centage from the final hafniujn fraction. 

3. Elution of Elements With Sulfuric Acid 
Solutions 

It has been shown j)reviously fl| that hafnium can 
be separated from zirconium using 3.5 percent sul- 
furic acid solution to elute from resin having .S percent 
of divinylbenzene crosshnkages Iiaving a maximum 
particle-sizing of about 50/x (passing through a 270- 
mesh sieve). To obtain more separation the lieiglit 
of the resin column was increased to 22 cm. This 
separation, while not as great as other separations 
using ion-exchange [2, 3, 8, 9], is adequate if care is 
taken in setting up the columns, calibrating each 
column, and in preparing the solution used for the 
ion-exchange separation. The first three curves in 
figure 1 give the separation of hafnium from zirconi- 




500 750 1000 

VOLUME OF ELUATE .ml 

Figure 1. Elution behavior of elements. 
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uni in 0.5 s>; samples of increasing zirconium-liafnium 
ratio by elution with 3.5 percent sulfuric acid solution. 
The fourtli curve shows the separation obtained on a 
1 g sample of hafnium metal by elution with 3.5 per- 
cent sulfuric acid solution. To obtain a reasonable 
volume of separation between the hafnium and the 
zirconium fractions, it is recommended that 0.5 g 
samples be used and that samples containing more 
than 20 percent of zirconium be determined by a 
double ion-exchange separation. To reduce the 
volume of solution needed to elute the zirconium, it 
was eluted with a 10 percent sulfuric acid solution. 
The fifth curve gives the zirconium elution curve in 
10 percent sulfuric acid solution. 

The last two curves give the elution characteristics 
of some other elements in 3.5 percent sulfuric acid 
solution. Iron (3), nickel (2), cobalt (2), chromium 
(3), manganese (2), copper (2), aluminum (3), 
neodymium (3), lanthanum (3), and yttrium (3) are 
eluted from the column without delay. Tin (4), 
thorium (4), titanium (4), and vanadium (5) are 
only slightly absorbed, all being eluted in 3 or 4 
column volumes. Uranium (6) and molybdenum (6) 
are strongly absorbed. Elements that do not pre- 
cipitate with cupferron, such as chromium, nickel, 
and cobalt, will not interfere with the determination 
of hafnium and zirconium by the recommended 
procedure. Elements tliat do precipitate with cup- 
ferron, sucli as iron, titanium, and molybdenum, 
would interfere in the recommended procedure. 
These elements are partially eluted into the discard 
fraction but to eliminate these interferences, the 
oxides can be redissolved and a mandelic acid or 
phosphate precipitation made. 

4. Results 

The results obtained by the recommended pro- 
cedure on a series of synthetic oxide mixtures are 
given in table 1. The first six experiments were done 
by the procedure recommended for samples contain- 
ing less than 20 percent of zirconium. These values 
require little connnent, being within the usual limits 
of gravimetric methods. Experiments 7 to 10 were 
done by the procedure reconnnended for samples 
containing from 20 to 80 percent zirconium. These re- 
sults show that for these compositions recoveries are 
within 2 to 5 parts per thousand. The oxides used in 
these experiments were obtained from previous ion- 
exchange separations. Spectrographic examination 
of these oxides indicated less than 100 ppni cross 
contamination. 

The results obtained on synthetic metal samples 
are given in table 2. The metals used were ^'reactor 
grade' ^ metals. The zirconium was nearly hafnium- 
free and the hafnium (sample 1 in table 3) contained 
approximately 2.14 percent zirconium. The zirconi- 
um ackled was calculated from the zirconium in the 
hafnium metal and the zirconium metal added. 
Spectrographic examination of the recovered oxides 
indicated less than 100 ppm zirconium in the hafnium 
iraction and less than 1 percent hafnium in the 
zirconium fraction. 



The results obtained on two ^ ^reactor grade '^ 
hafnium metals is given in table 3. 

Table 1. Results of determinations of zirconium and hafnium 
by the recommended procedure in various synthetic oxide 
mixtures 





Hafnium oxide 




Zire 


)nium oxide 




Experi- 
ment 


Added 


Found 


Differ- 
ence 


Added 


Found 


Differ- 
ence 


la 

2a 

3a 

4a 

5a 

6a 

7b 

8»' 

9b 

10b 


mg 
575.3 
574.9 
574.7 
476.8 
476.6 
476.2 

294.9 
294.0 
146.0 
146.2 


mg 
574.9 
574.7 
574.6 
476.6 
476.3 
475.6 

295.6 
293. 8 
140. 2 
146. 4 


mg 
-0.4 
-.2 
-.1 
-.2 
-.3 
-.6 

+.7 
-.2 
+.2 

+.2 


mo 
33.6 
33.9 
33.5 
133.2 
132.2 
127.2 

334.1 
331.8 
502. 1 
499.4 


mg 
33.7 
33.6 
33.4 
133.2 
132. 
127.2 

335.3 
331.6 

502.8 
498.6 


mr, 

+0.1 

-.3 

-.1 

.0 
-.2 

.0 

+1.2 
_ 2 

+w 
-.8 



a Experiments'using the'procedure: "For samples containing less than 20 per- 
cent of zirconium." 

b ExpcrinKMits using the procedure: "For samples containing from 20 to 80 
percent of zirconium." 

Table 2. Results of determinations of zirconium and hafnium 
by the recommended procedure in synthetic metal samples 



Hafnium 


Zirconium 


P^xperi- 
ment 


Added 


Found 


Differ- 
ence 


Added 


Found 


Differ- 
ence 


1 

2 

3 


mg 
473.8 
464.2 
479.9 


mg 
474.7 
465.2 
479.8 


mg 
+0.9 
+1.0 
-0.1 


mg 

36.2 

36.1 

28.5 


mg 

35.6 

35.6 

28.6 


mg 
-0.6 

-.5 
+.1 





Table 3. Results of determinations of zirconium and hafnium 
by the recommended procedure in ^Weactor grade ^ hafnium 
metals 



Sample 
nu nl)er 


Sample 
weiglit 


Hafnium 


Zirconium 


1 

1 

1 


(J 
0.5 
.5 
.5 
.5 
.5 
. 5 
.5 


% 
97.97 
97.98 
97.81 
97. 85 
95. 26 
95. 29 
95.35 


(77, 

2. 15 
2.06 
2. 21 


1 


2. 16 


2 

2 

2 


4. 82 
4.79 
4.77 



[1] 

[2] 

[3] 

[4] 

[5] 

[6] 
[7] 
[8] 

[9] 
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Selected Abstracts 

Structure shielding against fallout radiation from nuclear 
weapons, L. V. Spencer, NBS Moho. Jt2 {.J }ine 1, U)62) 75 
cents. 

The theory of structure shielding from fallout ganiniu racUa- 
tion is developed to the point of applications to elementary 
structure types. Examples discussed in the text include the 
density interface, shielded foxhole or basement, light super- 
structure, vertical wall, blockhouse, vents, compartmentaliza- 
tion effects, and mazes. A large number of engineering charts 
and graphs are presented for engineering calculations, includ- 
ing many obtained from angular distributions of the exposure 
dose. Results are given for a fission spectrum, and for Co^° 
and Cs^^^ sources. This information has been obtained almost 
completely by machine calcidations utilizing basic cross sec- 
tion data. A number of sources of experimental data are 
mentioned, but detailed compju'isons wil h experiment are not 
included. 

Basic magnetic quant'ties and the measurement of the mag- 
netic properties of materials, H. L. Sauford and I. L. Cooter, 
NBS Mono, f {May 21, 1962) 30 ccnls. 

This paper gives general information icgai-ding the two basic 
quantities, magnetic induction, B, and magnetizing foi'ce, //, 
and also the magnetic constant Vm (often designated by the 
symbols /x„ and mj- Information is also given regarding the 
magnetic ])ro})erties of various materials and methods and 
apparatus commonly used in the Magnetic Measurements 
Section for measining lhes(> properties by means of reversed 
direct current or alternat ing currents of low frequency. Mag- 
netic measurements peculiar to high frequencies are not dis- 
cussed. In view of the gradual adoption of the rationalized 
mksa system of units, this system is included as well as the 
classical cgs electromagnetic system. 

Determination of total X-ray beam energy with a calibrated 
ionization chamber, J. S. Pruitt and S. R. Domen, .V/^*S' 
Mono. 48 {June 5, 1962) 20 cents. 

This report describes the use of an air-tilled aluminum-alloy 
ionization chamber to determine tlu^ energy transported by 
a bremsstrahlung beam with maxinnim photon eiu^rgy in tlie 
range 6 to 170 Mev. The experimental calibrations of this 
chamber over this energy range are given, as well as the results 
of calibration experiments mad(» with a 250-kv constant- 
potential X-ray tube and with CV^^' and Co*'^ gamma-rays. 
Information is presented about the change in calibration wIkmi 
the chamber is used with ditferent experimental conditions, 
and when either its dimensions or its alloy composition are 
changed slightly. This report can be used to construct a 
replica chamber and to determine its absolute cahbration be- 
tween 6 and 170 ^lev^ under a variety of experimental 
conditions. 

Annotated bibliography on soft X-ray spectroscopy, H. 

Yakowitz and J. R. Cuthill, NBS Mono. o2 {June 29, 1962) 
$1.00. 

About 550 references are contained in this bibliography which 
includes, it is believed, a complete coverage of the soft X-ray 
literature since 1950 and through 1960. Some references to 
earlier work are given but the general review references, listed 
separately, give an adec|uat(» coverage of tlie enilier work. 
The emphasis is on the application of soft X-ray spect r()sc()i)y 
to the study of \'alence l)aiid (electronic states in metals and 
alloys and therefor(^ the sj^c^ctral r(*gion of 25 to 800 angstroms 
involving ruled glass grating spectrometers is of principal in- 
terest. Howev^er, a wealth of data have been gathered, pri- 
marily by the Russians, on valence electronic states by means 
of high energy transitions where crystal spectrometers are 
satisfactory. These i-eferences and any X-ray work leading to 
the distribution of \nlenee electronic states are included re- 
gardless of the transitions employed. 



In addition to soft X-ray data, references on all pertinent as- 
pects of the apparatus and experimental problems are in- 
cluded. Also listed separately are references of value in 
corroborating soft X-ray data with other results, such as 
energy band calculations. 

Subject, author, X-ray band, material, and other indices are 
included. 

Weights and measures administration, N BS Ilandh. 82 {June 

22, 1962) $1.7S. {Supersedes H26) 

This Handbook presents a comprehensive picture of what an 
effective weights and measures program should embrace. 
The principles set forth are specifically recommended by the 
National Conference on Weights and Measures to all weights 
and measures officials and to the legislative bodies of States, 
counties, and cities. The Handbook should be helpful to 
agencies and individuals interested in setting up weights and 
measures supervision in a State or sub-division thereof, or 
concerned wit h strengt hening such superxision where it now 
exists. It should also be useful as a training manual for new 
weights and measures officials and as a nninual for review 
training for experienced officials, in the area of fundamental 
principles and general procedures. 

OMNIF'ORM I: A general purpose machine program for the 
calculation of tables of functions given explicitly in terms of 
one variable, .1. Hilsenratli and (i. M. (laller, \ BS Tech. 
Note 125 {rHU)1626) {1962) $1.0'). 

A general purpose computer ])r()grani, designed for use by 
non-programniei"s recjuiring computation of ta})les of functions 
written explicitly in terms of one \ar-iable, is described. The 
program features include: 22 types of elementary and special 
functions; provision for taking of functions of functions, table 
read-in, flexible print-out; and standardized input to a variety 
of problems. Tlu> use of the program is illustrated with a 
mimber of sample problems. 

The thermodynamic properties of nitrogen from 64 to 300 °K 
between 0.1 and 200 atmospheres, 1\ H. Strobridge, NBS 

Tech. Note 129 {BH16U)M)) {1962) $2.25. 

The internal energy, enthalpy, (Mitropy, and s])ecific \'olume 
of molecular introgen are derived and tabulated as functions 
of temperature and pressure. In addition to a mathematical 
model for the pressure-volume-temperature surface, accurate 
functions are given for the representation of the vapor pres- 
sure, density of saturated licpiid, specific heat of saturated 
liquid, and the specific heat at zei'o pressure. 
Tabular values in Bi-itish units o\-er the same pressure and 
temperature range are available as Supplement A of this 
Technical Note. 

Detailed techniques for preparing and using hard gallium 
alloys, G. G. Harman, NBS Tecii. Note LjO {BB 161651'^ 
{1962) 75 cents. 

This report presents an expansion and clarification of tech- 
niques for preparing and using dental-amalgam-type gallium 
alloys for industrial and scientific uses that were previously 
published in the Review of Scientific Instruments. In addi- 
tion, n(nv material, such as hardness of the alloys and discus- 
sions of the bonding nuKdianism are presented. A different 
class of bonding alloys bas(Hl on the same ])i'incipals but not 
incor{)orating gallium are described, along with application 
details. 

Dielectric constant of liquid parahydrogen, \l. J. Corniecini, 
NBS Tech. Note 144 {BB161645) {1962) 50 cents. 
It is shown that the available data on the dielectric constant 
of hydrogen conform to the Clausius-Mossotti eciuation within 
the probable experimental errors. The published data cover 
temperatures from the triple point ('^ 14 °K) to well above 
room temperature and a thousandfold range of densities. 
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Using an average value of the specific polarization, tables of 
the dielectric constant of the liquid have been computed for 
temperatures from the triple point (13.803 °K) to 32 °K 
(58 °R) and pressures from saturation to 340 atmospheres. 

A wire exploder for generating cylindrical shock waves in a 
controlled atmosphere, D. L. Jones and K. B. Earnshaw, 
NBS Tech Note U8 {PB161649) {1962) 50 cents. 
A design for a rugged exploding wire device is given. This 
device permits the study of strong cylindrical shock waves in 
controlled atmospheres using optical and microwave tech- 
niques. Adequate detail and pictures are given to allow 
construction of the device. 

Utilization of tritium and carbon-14 in studies of isotope 
effects, H. S. Isbell, H. L. Frush, and L. T. Sniegoski, Book, 
Tritium in the Physical and Biological Sciences II, Q^-lOl 
{International Atomic Energy Agency, Vienna, Austria, 1962). 
The utility of tritium in organic research has been augmented 
by the development of a simple method for determining C^'' 
and tritium in the same sample. The non-volatile, radioactive 
material, in a film that is ' 'infinitely thick" to tritium radia- 
tion, is counted in a windowless, gas-flow proportional coun- 
ter; the film is then re-counted when covered with an absorber 
that stops all radiation from tritium, but allows a fraction of 
that from C^"^ to pass. The absorber used was }4-mil, double- 
aluminized ''Mylar" film. 

By introduction of one isotope at a point removed from the 
reaction center, an isotope effect for the other can be deter- 
mined from changes in the tritiuin-Ci'' ratio in the reactant 
and/or products as the reaction proceeds. Carriers of reactant, 
products or derivatives can be added at any point to facilitate 
isolation, because the analytical method depends primarily on 
the tritium-C^^ ratio. 

The isotope-effects in the bacterial oxidation of six C-^^-or 
tritium-labeled D-mannitols and three tritium-labeled D-gluci- 
tols have been studied. Primary isotope effects (large for 
tritium, small for carbon-14) were found when the radioisotope 
was at the position of oxidation. A secondary isotope-effect 
was found for tritium at C3 of D-mannitol. A hypothesis is 
advanced to explain the difference in the oxidation behavior 
of the D-mannitols labeled with tritium at Cl and at C3. 

Entropies, heats of sublimation and dissociation energies of 
the cesium halides, ^I. 1). Scheer and J. Fine, J . Cheni. Fhys. 
36; No. 6, 1647-1753 {Mar. 15, 1962). 

The vapor pressures of the crystalline cesium hahdes have 
been measured in the 700-900 °K temperature range. The 
salt vapor effusing from a Knudsen effusion cell was accurately 
collimated into a molecular beam wich a well defined cross 
sectional area. Beam intensities were determined from the 
positive ion currents produced by dissociation of the halide 
and ionization to Cs+ on a tungsten surface at 1700°K. From 
the experimental vapor pressures and heats of sublimation, 
the crystal entropies, dissociation energies, and heats of sub- 
limation at 298 °K were computed using available spectro- 
scopic and thermal data. 

Deactivation of Hg (G^Pi) by CO and N2 M. D. Scheer and 
J. Fine, ./. Chem. Fhys. 36; No. 5, 1264-1267 {Mar. 1962). 
Atoms of Hg (O^Po) produced by collisions between Hg (6'^Pi) 
and either N2 or CO were detected by measuring the electrons 
ejected from a silver surface. From the pressure dependence 
of this effect, it was shown that the quenching of Hg (6^Pi) 
to Hg (G^Po) by collision with CO occurs at about the same 
rate as with N2. Since CO is t^wenty times more efficient than 
N2 in the quenching of 2537A fluorescence, the process [Hg 
(63Pi)+CO^Hg (6iSo) + CO*] must be much faster than the 
corresponding reaction with N2. A possible explanation of 
this effect is the intermediate formation of HgCO* which 
dissociates to Hg (G^Sq) and vibrationally excited CO (v = 20). 
This could account for the fact that H2CO and (HC0)2 are 
formed in the Hg photosensitized reaction of N2 and CO and 
not in the electric discharge experiments of H atoms reacting 
with ground state CO. 

The heat capacity of diamond at high temperatures, A. C. 

Victor, J. Chem. Phys. 36, No. 7, 1903-1911 {Apr. 1962). 
The enthalpy of gem diamonds has been measured from 273 



to 1073 °K using a "drop" method and a Bunsen ice calo- 
rimeter. The derived heat-capacity values, which are be- 
lieved to be accurate to ±0.5 percent, are used to calculate 
the thermal functions of diamond above 298.15°K. Values of 
Cv (harmonic) derived from the present investigation and 
recent measurements of the thermal expansion and the elastic 
constants of diamond are compared with theoretical treat- 
ments. Reasonably good agreement in the temperature 
range of this study can be obtained with a single Debye 
function (0d = 186O) obtained from the measured elastic 
constants. Extrapolation of the data gives 9oo = 1880±10. 

Millimeter wave techniques, W. Culshaw, Book, Advances in 
Electronics and Electron Physics XV, 197-263 {Academic 
Press, Inc., New York, N.Y., 1961). 

The importance of millimeter waves both in research and in 
technology is outlined, and the difficulties experienced in the 
exploitation of these short wavelengths are made evident. 
Considerable attention is given to transmission and measure- 
ment problems, since conventional w^aveguide methods have 
serious limitations at short mm wave lengths. Optical and 
quasi-optical methods are discussed, and apphcations of mm 
wave interferometers and a mm wave spectrometer are con- 
sidered, and diffraction effects treated in detail. The great 
potential use of the mm wav^e Fabry-Perot interferometer in 
precision measurements, and in maser research is made evi- 
dent. Total reflection phenomena at mm wavelengths are 
presented and applications such as attenuation standards, 
phase changers, and polarizers are discussed. A re-entrant 
biconical spherical resonator is considered for operation at 
mm and sub-mm wavelengths, at high orders of interference. 
Expressions for the Q and shunt impedance are given, and 
results indicate that it could have direct application to the 
mm wave generation problem, and to solid state research at 
these wavelengths. Finally some practical aspects of mm 
wave detection and possible levels of sensitivity are given, 
together with some concluding remarks on millimeter wave 
research. 

Transition probabilities for permitted and forbidden lines 
of Si X, Fe XIV and Fe x, R. H. Gars tang, Extrait des Ann. 
d'Astrophys. 25, No. 2, 109-117 {1962). 

Transition probabilities have been calculated for forbidden 
transitions within the 28^2p and 2s2p^ configurations and for 
permitted transitions in the array 2s^2p — 2s2p^ of Si x. The 
energy levels of the 3s3p2 and 3s^^d configurations in Fe 
XIV have been predicted by extrapolation along the isoelec- 
tronic sequence. Transition probabilities have been calcu- 
lated for forbidden transitions within the (3s3p2 4- 3s^3d) 
configurations and for permitted transitions in the arrays 
3s23p — 3s3p2 and 38^3^ — Ss^Sd of Fe xiv. Some preliminary 
results are given for the 3s^3p^ — 3s3p^ and 3s^Sp^ — ^s-^p^ 3(i ar- 
rays in Fe x. The effect of departures from LS-coupling due to 
spin-orbit interaction and configuration interactionis discussed. 

The influence of temperature and pressure on the rheological 
properties of polymers, R. S. Marvin, ./. Japan Soc. Testing 
Materials, Rheology Issue 11, 303-307 {May 1962). 
The influence of temperature and pressure on viscosity and 
their corresponding influence on time dependent rheological 
properties is reviewed in terms of the free volume theory. 
Measurements obtained at the National Bureau of Standards 
on the effect of pressure on the dynamic bulk modulus of 
natural rubber and poly (vinyl acetate) are used to illustrate 
the usefulness of the free volume concept and to give some 
clues as to its validity. The results for natural rubber seem 
to agree very well with the predictions of the free volume 
theory; those for poly (vinyl acetate) show an unexplained 
discrepancy which indicates the need for further studies of 
other polymeric systems. 

Plural scattering of 20-kev electrons in aluminum, L. Marton, 
J. A. Simpson, H. A. Fowler, and N. Swanson, Phys. Rev. 
126, No. 1, 182-192 {Apr. U 1962). 

The angular and energy-distrubution of 20 kev electrons, 
scattered at very small angles (Z 10~-, radians) by transmission 
through aluminum foils are compared with the theory of 
plural inelastic scattering, under the following assumptions: 
(a) The probability of elastic scattering at very small angles 
is negligibly small in comparison with the probability of 
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inelastic scattering, (b) Inelastic scattering occurs predomi- 
nantly through sharply-defined "characteristic" energy losses, 
whose number follows a Poisson slausiical disiribulion. (c) 
The angular distribution in each loss follows a sini])le law: 
* (d) ocl/ieE^-\-9'-), where 6/e = AE/2K. (d) The cunndative 
angular distribution from plural inelastic scattering is ob- 
tained by repeated "folding" of 4» {6) with the angular spread 
of the incident beam. The angular distribution of zero-hjss 
electrons is found to be substantially indej)enden( of tiie foil 
thickness; the normalized angular distributions of the 1- and 
2-loss peaks are accurately fitted by I lie "folding" calculation; 
Poisson statistics give a good approximation to the oV)served 
numbers of energy losses. The value of X for five observa- 
tions on foils of thicknesses 650-2580 A is approximately 810 
A, independent of thickness; systematic errors in the method 
of observation may render this value up to 20% higher than 
the mean free path corresponding to the total cross-section. 

The international standard of light, R. P. Teele, /. Opt. Soc. 
Am. 52, No. 7, 826 {July 1962). 

In 1931 Wensel et al. reported the practical realization of the 
suggestion, made in 1908 by Waidner and Burgess, that a 
blackbody radiator at the freezing point of pure platinum be 
used as a standard of light. Subsequently such a standard 
w^as adopted internationally, effective January 1, 1948. 
From 1957 to the prc^sent time investigations of factors affect- 
ing the reproducibility of the* standard have been conducted 
at the National Bureau of Standards. The ])r(»vious work 
was extended to include crucibles and sight tubes of diffc^rent 
dimensions and immersed to various depths, and the use of 
various freezing patterns. The application of corrections for 
the necessary viewing aperture, for the temperature drop in 
the walls of the sight tube, and for the unimmersed portion 
of the sight tube, enable us to evaluate th(^ ideal blackbody 
radiator from observed values obtained with practical radi- 
ators. Appropriate modification of the freezing pattern 
yields improved precision. It is found that the standard is 
reproducible^ to well within 0.1 percent. 

It is planned to present a complete discussion and results in 
the Journal of Research of the NBS. 



Effect of gamma radiation on chemical structure of plastics, 

V. J. Krasnauskv, .M. S. Parker, and B. CI. Aelihanuner, 
SPE Trans. 1, 133-138 {July 1961). 

Twelve plastics representing various chemical structures 
were studied as part of a program to determine tlie utility of 
plastics as ])ackaging materials in the high energy radiation 
preservation of food. The ])lastics were exposed to selected 
dosages of Col)alt-()n ganuna radiation, in vacuum and in air. 
Gas evolution and changers in infrar(^d sj^ectra as a result of 
irradiation were used to hypothesize the relative stability of 
these plastics to irradiation. On the basis of these criteria 
it was found that plastics containing conjugated ring systems, 
( ionic linkages, and chlorine in side groups were the most stable. 

Thermal degradation of polymers at temperatures up to 
1200 °C, S. L. Madorskv, Soc. Chem. Ind. Mono. No. 13, 60- 
74 {1961). 

A study was made of the thermal degradation of polymers in 
a vacuum and in some cases in helium at atmospheric pressure, 
using 10 to 50 mg samples. Polymethylene, a noncrosslinked 
polymer, when heated for about half an hour in a vacuum or in 
helium at 500 °C, vaporizes without leaving a residtie. The 
• volatile products consist of a series of saturated and unsatu- 
rated hydrocarbons of various molecular weights. At 800 °C 
and higher, pyrolysis gives similar residts; howc^ver, the prod- 
ucts are more fragmented, and th(^ higher th(^ tcunperature 
and pressure the greater is this fragmentation. Polytrivinyl- 
benzene, which is a highly Crosslin ked polymer, and poly(vi- 
nylidene fluoride), which is one that develops crosslinkings 
during pyrolysis, both yield on heating in a vacuum at any 
pyrolysis temperature various volatile fragments and a more 
or less carbonized residue. Hctc too, as in the case of poly- 
methylene, a higher temperature produces greater fragmenta- 
tion of the volatile products. The more volatile products 
were analyzed by mass spectrometry, and the less volatile 
products were tested for their average molecular weight by 
a microcryoscopic method. Elemental analysis of residues 
were made by a microchemical method. 



Growth rates of zinc crystals from the vapor phase, R. L. 

Parker and L. M. Kushner, /. Chem. Phys. 35, No. 4, 1345 
{Oct. 1961). 

The rate of growth of zinc crystals from the vapor phase 
has been studied as a function of the vapor supersaturation 
o- at a temperature of 390 °C. The cr-values ranged between 
0.009 and 0.09. The rate R was found to vary approximately 
linearly wdth a, permitting estimates to be made of the two 
parameters o-i and jSCo, appearing in the Bin-ton, Cabrera 
and Frank theory of crystal growth. The results indicate 
tiiat surface nucleation w^as not operatixc in either the 
micleation or the growth of these crystals. 

Heats of formation of inorganic fluorine compounds —A 
survey, G. T. Armstrong and L. A. Ivrieger, J'roarc.ss on 

Intern. Research on Thermodynantics and Transport Properties, 
p. 8-77 {ASME & Academic Press, Inc., New York, N.Y., 
1962). 

This paper demonstrates the present state of measurements 
leading to heats of formation for the inorganic fluorine 
compounds. An attempt is made to show the relative 
magnitudes of the areas in w^hich measurements are lacking, 
as compared to the areas in which data exist. No attempt 
is made to indicate the best values to be assigned where 
conflicting data exist. As a group, the binary compounds 
have been the most thoroughly studied. The coverage of 
thermodynamic information decreases rapidly as the; com- 
plexity of the compounds increases. Organic compounds 
aside from the substituted methanes are not discussed. 
A bibliography containing 513 entries dealing with thermo- 
chemical work on fluorine compounds publislied in the last 
decade is included. A lengthy tabk; is given in which are 
listed fluorine and compounds, in which fluorine is combined 
with one, two, three and more other elements, and aqueous 
species of these same classes of substances. For each sub- 
stance, references are given to experimental and theoretical 
work and other reviews giving the heat of formation or other 
data directly applicable to the calculation of the heat of 
fornuition. 

Vibration-rotation spectra of BrCN, A. G. Maki and C. T. 

(rott, ./. Ohon. Phys. 35, No. 9, 2282-2285 {1962). 
The vil)rat ion-rotation structure of the infrared absorption 
bands due to pI + v;], 2v2-{-y:i, and vi + Pi have been observed 
and measured for Br'^CN and Br^^CN. The average value 
of a^ for these two isotopes was found to be +0.000677 cm~i. 
The F(^rmi resonance constant for the resonance diad was 
calculated to be Wi2==35.41 cm-i for Br^^CN and Wi2 = 35.48 
cm~i for Br^^CN. The positions of the Q branches of a 
nundjer of other bands were also measured. 

Electron spin resonance studies of 7-irradiated small mole- 
cules at 4 °K and 77 °K, R. E. Florin, D. W. Brown, and 
L. A. Wall, Proc. 5th Intern. Synip. on Free Radicals, Paper 
No. 18, 1-17 {Almquist and Wiksell, Stockholm, Sweden, 
July 6-7, 1961). 

Electron spin resonance spectra w^ere observed for the species 
H, D, N, CHg, CF3, and SiFs, produced by gamma irradiation 
of H2, D2, N2, CH4, CF4, and SiF4, respectively, at 4 °K, 
and of CH4, CF4, and SiF4 mixed with Xe at 77 °K. The 
yields of CH3 and CF3 radicals per 100 ev absorbed (G- values) 
were much lower at 77 °K. No radicals were found at 77 °K 
in pure CH4 and CF4. The CH3 and CF3 spectra are closely 
similar to each other in Xe mixtures at 77 °K. The spectrum 
from CF4 irradiated at 4 °K is totally different from the 
spectrum at 77 °K. SiFs has a characteristic complicated 
spectrum at all temperatures. Decay phenomena are 
mentioned briefly. 

Direct measurement of line intensities and widths in the 
first overtone band of CO, II. J. Kostkowski and A. M. Bass, 

J. Quant. Spcctry. Radiative Transfer 1, 177-184 {1961). 
The absolute intensities and widths of self-broadened lines in 
the first overtone band of carbon monoxide were measured 
directly with a small grating monochromator to an estimated 
accuracy of 5 percent. The intensities were obtained at CO 
pressures below one atmosphere and the widths at pressures 
from 2}^ to 20 atmospheres. Slit function corrections were 
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nuiclc using the results of a paper previously published by the 
authors. The intensities were found to fit the results of the 
rotation-vibration interaction calculation of Herman and 
Wailis. Spectral transmission calculations assuming a 
Lorentz shape for all the lines fit the observed data up to 20 
atmospheres pressure. 

Dislocations and stacking faults in aluminum nitrides, P. 

Delavignette, H. B. Kirkpatrick, and S. Amelinckx, J. Appl. 
Phys. 32, No. 6, 1098-1100 {June 1961). 

The recently developed methods for the direct observation of 
dislocations by means of transmission electron microscopy 
have now been applied to aluminium nitride single crystal 
plates, obtained by growth from the vapour phase. The 
crystal plates, which were developed parallel to the c-face, 
were thin enough to transmit electrons as grown. 

Absolute isotopic abundance ratio and the atomic weight of 
chlorine, W. R. Shields, E. L. Garner, and V. H. Dibeler, J. 
Am. Chem. Soc. 84, 1510-1522 (1962). 

An absolute value is obtained for the isotopic abundance ratio 
of natural chlorine by surface emission mass spectrometry 
and by the use of calibration samples of known isotopic com- 
position prepared from nearly pure separated chlorine isotopes. 
The data result in the absolute value for the Cl^VCP^ 

ratio = 3. 1272^ QQQ^^. The atomic weight on the unified 

scale (Ci2=12) is '^^■'^^'^^'^Z.^^'^QOoii) The indicated uncer- 
tainties are over-all hmits of error based on 95% confidence 
hmits for the mean and on allowances for effects of known 
sources of possible systematic error. 

Temperature dependence of electron emssion in the field 
emission region, R. Klein and L. B. Leder, Phys. Rev. 12i, 
1046-1049 (Nov. 1961). 

The variation in field emission current as a function of the 
temperature of the emitter has been measured for tungsten 
over the range from 4.2 °K to 400 °K. The expected form 
of the temperature dependence of the emission current con- 
firms the relationship previously postulated on theoretical 

KT 
grounds. This is j(T)=j(o) ^.^^ -^^ where K is a constant 

depending on the work function and the field at the surface 
of the emitter. A current-increment method, in which the 
increase of current is plotted against the square of the tem- 
perature increase at constant field, gives a straight hne whose 
slope permits surface field calculations more precise than 
heretofore possible by electron microscope measurement of 
tip radius. 

Ultra-high vacuum ultraviolet monochromator, L. Marton, 
J. A. Simpson, J. A. Suddeth, and L. B. Leder, 1961 Trans. 
■8th Natl. Vacuum Symp., 2d Intern. Congress, Ed. L. E 
Prauss, p. 633-639 {Pergamon Press, Inc., New York, N.V., 
1962). 

A 1-meter, normal incidence vacuum ultraviolet monochro- 
mator having a sample chamber pressure of approximately 
IX 10~^ mm Hg is described. The entrance and exit slits are 
on the Rowland circle while the center floats. Wavelength 
is scanned by moving the grating along the circle. All moving 
parts are external to the vacuum chamber. The high vacuum 
conditions are obtained by several stages of differential pump- 
ing from the lamp housing to the sample chamber. The en- 
tire monochromator is of stainless steel with welded joints. 
Interesting vacuum features are the flange design, liquid 
nitrogen traps and rotary sea. 

Field emission from niobium in the normal and supercon- 
ducting states, R. Klein and L. B. Leder, Phys. Rev. 1^4, 
No. 4, 1050-1052 (Nov. 1961). 

The change of field emission current from a superconductor 
as a result of a transition to the normal state under constant 
field and temperature conditions was calculated. The deriva- 
tion is based on the Bardeen-Cooper-Schrieffer formulation 
of the density of states and band gap model for a supercon- 
ductor. The experimental method for determining the cur- 
rent charge consisted in measuring the current increment 
between a niobium field emitter in the superconducting state 



at 4.2 °K and in the normal state at a temperature T above 
the transition. After correcting for the current increase oc- 
curring as a result of the temperature increase alone, the 
residual would be that associated with the superconducting- 
normal transition. This was less than the detectability of the 
measurements, although the calculations indicated an ex- 
pected increase in current easily measurable if the supercon- 
ducting-normal transition had occurred at the emitter surface. 
It is speculated that under high field conditions, the super- 
conducting state is quenched at the surface. 

On the self-diflFusion of ions in a polyelectrolyte solution, S. 

Lifson and J. L. Jackson, ./. Chem. Phys. 36, No. 9, 2410-2414 
{May 1962). 

The self-diffusion of ions in a polyelectrolyte solution is in- 
vestigated both with respect to the average time an ion is 
associated with a particular polyelectrolyte molecule and with 
respect to the effect of the electrostatic field of the macroions 
on the macroscopic self-diffusion constant. The results on 
the macroscopic self-diffusion constant are shown to be gen- 
erally compatible with experiments on self-diffusion of coun- 
cerions in polyelectrolyte solutions. On the other hand, the 
study of the time of association of a counterion with a particu- 
lar macroion yields results which cannot be reconciled with 
the common interpretation of transference experiments on 
the same solutions. 

Time resolved electron optical image of a pulsed atomic beam 
in flight, L. Marton, S. R. Mielczarek, and D. C. Schubert, 
./. Appl. Phys. 33, No. 4, 1613-1614 {^V^- 1962). 
The electron optical schheren method for study of gas be- 
havior at very low pressures has been applied in stroboscopic 
fashion to produce photographs of chopped atomic beam 
pulses in flight. A photograph is shown of a cadmium atomic 
beam pulse moving at approximately 300 meters/sec. with 
maximum atomic density corresponding to about 2 -10"^ mm 
Hg equilibrium pressure. The potential usefulness of this 
technique for study of accommodation coefficients on aero- 
dynamic surfaces is described briefly. 

An electron resonance magnetometer for alternating magnetic 
fields, O. E. Spokas and M. Danos, Rev. kSci. Instr. 33, No. 
6, 613-617 {June 1962). 

Alternating magnetic fields in the range of 2,800 gauss to 
4,300 gauss are measured in terms of the frequency of the free 
electron spin resonance in 1: l-Diphenyl-2-picryl hydrazyl. 
The probe is constructed entir(^ly of dielectric materials. 
An accuracy of 0.1 percent in the field determination was 
obtained. 

Optical studies at high pressures using diamond anvils, 

C. E. Weir, A. Van Valkenburg, and E. Lippincott, Book, 
Modern Very High Pressures Techniques, Ed., R. H. Wentorf, 
Jr., p. 51-69 {Butterworth <Sc Co., London, England, 1962). 
A pressure cell capable of maintaining pressures up to 160,000 
atmospheres has been constructed using a pair of type II 
diamonds for studies in the infrared, visible and ultraviolet 
spectrum. Temperature variations from 175° to —30 °C 
can be obtained with the cell. Major effects observed in the 
infrared spectrum of substances under pressure include shifts 
in absorption bands to both higher and lower frequencies, 
occurrence of new band as well as elimination of existing 
bands, the splitting of bands and changes in apparent band 
intensities. Examples of these effects using the infrared 
spectra of sodium nitrite, calcite, succinic acid, ice and 
ferrocene are given. 

The molecular structure of chloroform, M. Jen and D. R. 

Lide, Jr., /. Chem. Phys. 36, No. 9, 2525 {May 1962). 
The structural parameters of the chloroform molecule have 
been previously calculated from microwave measurements on 
the CHCls^^^ CDCl33^ CHClg^^, and CHCls'^^Cl" species. The rather 
short OH distance which was reported (1.073 A, as compared 
to 1.09-1. lOA in CH4, CHF3 and the methyl hahdes) has 
prompted a re-examination of the chloroform spectrum. We 
have now measured the C^^HCls^^ species in natural abundance 
and have also carried out measurements on the other species 
under comparable conditions in order to obtain a self- 
consistent set of data for a structure determination by the 
substitution (rs) method. 
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Collision-induced microwave absorption in compressed gases. 
II. Molecular electric quadrupole moments, G. Biriibauin and 
A. A. Maryott, ./. Chem. Phi/s. 36, 2032-2036 {Apr. 11)62). 
A search for dielectric loss in the nondipolar gases, He, A, 
CH4, SFe, H2, C2H6, N2 , and C2H4 was made at a frcuiuenev 
near 24 kMc and for densities not exeeedinj;- lOO aniagat. 
For the first six gases, the loss factor was ininieasural)ly small, 
less than 2X10""', at the niaxinuim density. The loss ob- 
served in nitrogen and ethylene is attributed to transient 
dipoles induced by the molecular quadrupole fields during 
binary cohisions. From the data on the (iuadru])olar gases, 
including previous results on CO2, values of the quadrui)olar 
moments (or upper hmits where no loss w^as observed) are 
derived which are in reasonable agreement with other 
estimates. 

Formation constant of the 1:1 pyridine-iodine complex, 

A. G. Maki and E. K. Plyler, /. Phys. Chem. 66, 766-767 
{1962). 

The equilibrium constant for Pyl2 in inert organic solvents 
has been measured using two different infrared bands, one at 
601 cm~^ and the other at 184 cm~^ The solvents n-heptane, 
CCI4, and cyclohexane all gave approximately identical re- 
sults. From intensity measurements of the infrared bands 
the best value for the constant w^as found to be lOTih 25 1/mole 
at 26 °C. Consideration is given to the possible errors due 
to other pyridine-iodine^ complexes such as Py2lR. Evidence^ 
concerning the structure of this 1:2 pyridine-iodine complex 
is also pres(?nted. 

Analytical Chemistry of Polymers, Parts II and III, Ed., G. M. 
Kline (To/. XII of Hi (jh P()l!/)nerH Series, Interscienee Pub- 
lishers, New York, N.y., UI62.) 

These books have been planned and wTitten })y staff members 
of the National Bureau of Standards Polymers Division to 
survey measurement techniques for the determination of 
structure and composition of macromolecules and to summa- 
rize our present knowledge in this fi(4d. Modern instru- 
mental methods of analysis are stressed; many of these 
techniciues have been undergoing active de\-elopment and 
perfection during the ])ei-i()(l in wliich these chaptei's li;i\-e 
i)een writt(Mi. 

Each chapte^r in Part II presents the basic theory underlying 
the application of an instrumental method of analysis to the 
exploration of the structure of polymers. This is followed 
by descriptive information on available eciuipment and 
procedural details. Comprehensive data are presented on 
the characteristics of polymers as determin(>d by the various 
analytical techni(|ues. Finally, X\\v authors review the appli- 
cation of this information to analytical problems and to 
in\'estigations of })olynierization processes, polymer structure, 
stabihty, and related research. 

Identification of polymers by systematic procedures, color 
tests, and microscopic examination are covered compre- 
hensiv^ely in the first three chapters of Part III. The tw^o 
concluding chapters describe important developments in the 
application of radiochemical and end-group analysis to the 
unravelling of the complex composition of macromolecules. 
The subject matter of all chapters is fully tied to the pub- 
lished literature by extensive lists of references. These two 
volumes provide a broad review of developments in modern 
methods of polymer analysis, supplementing the information 
presented in Part I (published in 1959) on the control methods 
used in the analytical laboratories of materials manufacturers. 
The titles and authors of the chapters in Parts II and III 
are as follows: 

Part II. Analysis of Molecular Structure and Cliemical 
(iroups. 619 pages. 
I. Molecular weights and sizes, S. G. Weissberg, S. Roth- 
man, and M. Wales, p. 1-77. 
11. X-rav diffraction, A. S. Posner, p. 79-108. 

III. Optical methods, A. F. Forziati, p. 109-157. 

IV. Differential thermal analvsis, 11. 10. Kissing(U' and 

S. B. Newman, p. 159-179. 
V. Pvrolysis, L. A. Wall, p. 181-248. 
VI. Mass spectrometry, L. A. Wall, p. 249-268. 
VII. Ultraviolet spectrophotometrv, M. Tryon and E. 
Horowitz, p. 269-289. 



VIII. Infrared spectrophotometrv, M. Trvon and E. Horo- 
witz, p. 291-333. 
IX. Fluorescence, A. F. Forziati, p. 335-357. 

X. Chromatography, J. M. Cassel, p. 359-404. 
XI. Polarography, G. M. Brauer, p. 405-485. 
XII. Magnetic resonance^ spectroscopy, L. A. Wall and 
R. V:. Florin, p. 487 559. 
Author index. Subject index, ]). 501-619. 

Part 111. Identification Procedures and ('hemical Analysis. 
566 pages. 

I. Systematic procedures, G. ^I. Brauer- and F. Horowitz, 
'p. 1-140. 
II. Color tests, G. M. Brauer and S. B. Xewnian, p. 
141-259. 

III. Microscopy, S. B. Newmian, p. 261-348. 
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V. End-group analysis, M. Hellmann and L. A. Wall, 
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General references. Pages 413-419. 
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Prediction of pressure drop in two-phase single-component 
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and J. E. Karlin, Proc. IRE 50, No. 5, 1124-1128 (May 

1962). 
The radio refractive index of air, B. R. Bean, Proc. IRE 50, 
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71-74 (Mar. 1962). 
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